BACKGROUND: In this systematic review, we evaluated the evidence for seven strategies which have been proposed to minimize the incidence of epidural vein cannulation during lumbar epidural catheter placement in pregnant women. METHODS: Multiple databases were searched to identify prospective, randomized, controlled trials between December 1966 and October 2007 that evaluated methods to avoid epidural vein cannulation after lumbar epidural catheter placement in pregnant women. Published trials were evaluated using a quality assessment tool, and results were combined to evaluate efficacy to prevent epidural vein cannulation. RESULTS: Of 90 trials screened, 30 trials were included (n ϭ 12,738 subjects). Five strategies reduce the risk of epidural vein cannulation: the lateral as opposed to sitting position (six trials, mean (sd) quality score ϭ 35% [11%], odds ratio (OR) 0.53 [95% confidence interval (CI) 0.32-0.86]), fluid administered through the epidural needle before catheter insertion (8 trials, quality score 48% [18%], OR 0.49 [95% CI 0.25-0.97]), single rather than multiorifice catheter (5 trials, quality score 30% [6%], OR 0.64 [95% CI 0.45-0.91]), a wire-embedded polyurethane compared with polyamide epidural catheter (1 trial, 31%, plus 4 unscored abstracts, OR 0.14 [95% CI 0.06 -0.30]) and catheter insertion depth Յ6 cm (2 trials, 47% [11%], OR 0.27 [95% CI 0.10 -0.74]). The paramedian as opposed to midline needle approach and smaller epidural needle or catheter gauges do not reduce the risk of epidural vein cannulation. CONCLUSION: The risk of intravascular placement of a lumbar epidural catheter in pregnancy may be reduced with the lateral patient position, fluid predistension, a single orifice catheter, a wire-embedded polyurethane epidural catheter and limiting the depth of catheter insertion to 6 cm or less. In general, low manuscript quality weakens the strength of these conclusions.
Uni ntended epidural vein injury complicates as many as 9% of lumbar epidural catheter placements, with higher rates reported in pregnant patients compared with nonpregnant patients. [1] [2] [3] [4] [5] [6] [7] If unrecognized, the consequences of intravascular local anesthetic administration can be life-threatening, including seizures, cardiovascular toxicity and cardiovascular collapse. 8, 9 Even when recognized during initiation of anesthesia or before the onset of significant sequelae, an intravascular catheter can still hinder patient care. Manipulation or replacement of the catheter can lead to analgesic delays and additional risks. Withdrawing the epidural catheter 1 or 2 cm may be helpful in some cases, 1 but may increase the risk of subsequent analgesic failure. 10, 11 Replacing the catheter may result in repeated intravascular cannulations. Norris et al. 2 reported a 5.5% rate of intravascular catheters among primary catheter placements. Of the 48 women who received at least one replacement attempt after an intravascular catheter, five were diagnosed with a second intravascular insertion, and one was diagnosed with a third intravascular insertion. 2 Strategies to avoid epidural vein cannulation during the initial epidural catheter placement may facilitate both efficient and safe epidural anesthesia and analgesia.
This article has supplementary material on the Web site:
www.anesthesia-analgesia.org.
This systematic review evaluates the evidence for seven strategies in pregnant women that have been proposed to minimize epidural vein cannulation during lumbar epidural catheter placement: 1) positioning the patient in the lateral as opposed to sitting posture; 2) using the paramedian as opposed to the midline approach to the epidural space; 3) using a smaller epidural needle or catheter compared with larger; 4) injecting fluid through the epidural needle before inserting the catheter compared with inserting the catheter without fluid injection; 5) using a single versus multiorifice catheter; 6) using a wire embedded polyurethane catheter versus alternative designs; and 7) limiting the depth of catheter insertion.
METHODS

Literature Review
In 2007, Medline, Excerpta Medical Data (EMBASE), the Cochrane Central Register of Controlled Trials, and the Cumulative Index to Nursing and Allied Health Literature (CINAHL) database were searched to identify randomized controlled trials (RCTs) published in any language between 1968 and 2007 that tested elements of lumbar epidural catheter insertion. A preliminary Medline search used free-text terms for the procedure of interest (epidural analgesia or anesthesia) and the outcome of interest (epidural vein or intravascular). The final search strategy combined medical subject headings assigned to relevant trials, and excluded headings found only in nonrelevant trials (Web Supplement available at http://www. anesthesia-analgesia.org). This search strategy was applied to Cochrane Central Register of Controlled Trials and the CINAHL database, and adapted to search EMBASE. Reference lists for all relevant papers were reviewed, and trials were entered into the Institute for Scientific Information Web of Knowledge to identify citing articles.
Relevant publications were reviewed independently by two reviewers using a standard abstraction form to verify inclusion and exclusion criteria, and to ascertain study methodology and results. Disagreements were resolved by discussion. An effort was made to contact the corresponding author for each publication to clarify any specific techniques of epidural catheter insertion not reported in the published paper.
Trial Quality
To evaluate study quality, a modified version of the Chalmers weighted quality assessment tool [12] [13] [14] was used to evaluate seven domains associated with the study protocol and six domains related to data analysis. Three modifications were introduced. First, the study was deemed appropriately controlled and given a full score (3 of 3) if all aspects of management between the control and study groups were identical except the stated intervention. Second, the requirement for patient blinding was considered not applicable for all studies that evaluated patient position.
Third, the domain for testing compliance was omitted. For each study, three authors completed a standardized form of the quality evaluation checklist. Disagreements were resolved by discussion.
Operational Definition of Intravascular Cannulation
There is no ideal test for intravascular cannulation. 15 Each study was reported with the testing method used and the number of intravascular catheters diagnosed. For those manuscripts in which the number of intravascular epidural catheters was not precisely defined, the authors were contacted for clarification.
In some protocols, intravascular catheters were replaced using the technique originally assigned during random allocation, and the second placement was included in the statistical analysis as an independent placement attempt. For this systematic review, only the results from the primary placement attempts were included in the analysis.
Two studies comparing single and multiorifice catheters reported intravascular cannulation as a series of nonexclusive outcomes. 16, 17 To calculate a minimum difference, the numerators chosen for meta-analysis represented the maximum possible number of intravascular cannulations with a single orifice catheter (lower value) and the minimum possible number of intravascular cannulations with a multiorifice catheter (higher value).
Only one published trial compared a wireembedded polyurethane epidural catheter with a control catheter. However, four large unpublished RCTs were identified. A post hoc analysis included both this published RCT and the unpublished RCTs presented at North American anesthesiology meetings between 1992 and 2007. For all relevant abstracts, details about catheter insertion and epidural vein cannulation were abstracted, but quality scores were not assigned.
Data Analysis
For strategies with at least two comparable RCTs, individual study results were combined using the random effects model on an intent-to-treat basis in Stata 9.0 (College Station, TX). Odds ratio (OR) and 95% confidence intervals (CI) were calculated for dichotomous data by using the methods of DerSimonian and Laird. 18 A statistical difference between groups was considered to occur if the pooled 95% CI for the OR did not include 1. The 2 test was used to evaluate heterogeneity, with a P value below 0.10 considered statistically significant. 19 In cases in which significant heterogeneity was detected among a group of studies, potential explanatory variables were tested using metaregression.
RESULTS
Thirty RCTs of strategies proposed to decrease the risk of epidural vein cannulation were included ( Fig. 1 catheter placement was 6.2% (795 of 12,738; 95% CI 5.8%-6.7%). An additional 10 trials evaluated 1 of the 7 interventions, but did not report any intravascular catheter placements in either group. Assuming there were no intravascular cannulations in these studies, the overall incidence of intravascular catheter placement was 5.9% (795 of 13,406; 95% CI 5.5%-6.3%).
Patient Position
Six studies compared the sitting with the lateral horizontal patient position and reported at least one intravascular cannulation in 1403 pregnant women (Table 1 [expanded Table available as a Web Supplement at http://www.anesthesia-analgesia.org]). 10,20 -24 Eighteen trials were excluded because they did not report any cases of intravascular catheter placement, [25] [26] [27] [28] [29] [30] because the randomized position was assumed after epidural insertion, [31] [32] [33] [34] [35] [36] [37] [38] [39] or because allocation was not specified as random. [40] [41] [42] Two included trials also evaluated the lateral head-down position. 20, 21 Two trials evaluated the combined spinal-epidural technique for cesarean delivery in 150 parturients 22, 23 and all others evaluated an epidural technique for labor analgesia. In three trials, intravascular catheter placement was the primary outcome. 10, 20, 21 Among included trials, the mean sd quality score was 35% (11%). Based on these trials, the placement of the epidural catheter with the patient in the lateral position compared with the sitting position reduces the epidural vein cannulation rate (OR 0.53, 95% CI 0.32-0.86) ( Fig. 2 ) from 11.9% (81 of 683) to 6.7% (48 of 720). The 2 test for heterogeneity was not significant (P ϭ 0.31). The corresponding rates of intravascular catheter placement decrease to 9.5% (81 of 849) and 5.1% (48 of 934), respectively, if the 6 trials without any cases of intravascular catheter placement [25] [26] [27] [28] [29] [30] are included.
Anatomic Approach
One study compared the midline and paramedian approach to the lumbar epidural space in 165 pregnant women ( Table 1 ). 43 The paramedian approach resulted in no significant difference in the rate of intravascular catheterization (P ϭ 0.90). Six studies evaluating anatomic approach were excluded because they were conducted in nonpregnant adults 44 -48 or were published solely in abstract form.*
Needle and Catheter Gauge
One study evaluated the effect of epidural needle and catheter gauge on the incidence of epidural vein cannulation (Table 1) 49 by comparing the 16-and 18-gauge Portex Minipack epidural systems (Hythe, United Kingdom) in which the 16-gauge Tuohy needle carries a 19-gauge nylon epidural catheter, and the 18-gauge Tuohy needle carries a 20-gauge nylon epidural catheter. † The 16-gauge system was no more likely to result in blood return after Tuohy insertion (P ϭ 0.25) or after catheter insertion (P ϭ 0.75).
Fluid Injection Before Catheter Insertion
Eight trials compared two different volumes of fluid injection through the epidural needle before catheter insertion in 1427 pregnant women (Table  1) . 50 -57 Of these, two evaluated a loss-of-resistance to air technique versus loss-of-resistance to either saline or local anesthetic for identification of the epidural space. 50, 56 An additional five trials used a standard method for loss-of-resistance, but then evaluated the injection of additional fluid through the epidural needle before threading the epidural catheter. 51, 52, 54, 55, 57 The final study evaluated both the effect of loss-of-resistance media and predistension of the epidural space with fluid. 53 In four trials, intravascular catheter placement was the primary outcome. 40, 52, 54, 58 Twenty-two trials compared loss-of-resistance media or predistension, but were excluded because allocation was not specified as random, 40, 42, 58 the trial was reported solely in abstract form, ‡ 59 no cases of intravascular catheter placement were reported, 60 -63 only nonobstetric patients were included, 64 -71 or because equal volumes of solution were administered through the epidural needle before catheter insertion. [72] [73] [74] [75] [76] Predistension of the epidural space with fluid reduces the risk of epidural vein cannulation (OR 0.49, 95% CI 0.25-0.97) (Fig. 3) . The rate of intravascular cannulation with no predistention was 12.9% (77 of 595); the rate with predistension was 6.4% (53 of 832). ‡Ahn If trials without any cases of intravascular catheter placement 60 -63 are included, the corresponding rates decrease to 10.8% (77 of 715) and 5.6% (53 of 952). The mean quality score of included trials was 48% (18%). The 2 test for heterogeneity was significant (P ϭ 0.04) 19 with a 2 estimate for between-study variance of 0.43. Based on metaregression, there was a relationship between study outcome and year of publication (P ϭ 0.008), with more recent trials more likely to show favorable results for fluid predistension. There was no relationship between risk of intravascular cannulation and either the quality score or the volume of solution administered through the epidural needle.
Multiorifice Catheters
Five trials compared multiorifice catheters with single-orifice epidural catheters in 2227 obstetric patients (Table 1) . 16, 17, [77] [78] [79] In two protocols, the multiorifice catheters were inserted more deeply than the singleorifice catheters in order to ensure that the proximal orifice remained within the epidural space. 16, 79 In two trials, 16, 17 the outcomes are reported as a series of nonexclusive outcomes, thus the meta-analysis represents a minimum difference. In all five trials, the incidence of intravascular catheter placement was reported as one of a list of catheter-related effects, rather than as the primary outcome of the study. Three trials comparing multiorifice and single-orifice catheters were excluded, including one observational study 80 and two trials available only as abstracts. § 81 Overall, single-orifice catheters reduced the detected epidural vein cannulation rate when compared with multiorifice catheters (OR 0.64, 95% CI 0.45-0.91) ( Fig. 4 ) from at least 10.0% (110 of 1102 multiorifice) to at most 6.8% (76 of 1125 single-orifice). The mean quality score was 30% (6%). The 2 test for heterogeneity was not significant (P ϭ 0.31).
Wire-Embedded Polyurethane Catheter Design
One published RCT 82 including 200 parturients, and 4 unpublished RCTsʈ ¶ 83, 84 including 5703 parturients, compared a 19-gauge single-orifice wire-embedded polyurethane epidural catheter with a nylon (polyamide) control catheter (Table 1) . Eight trials were excluded because they were observational or not specifically reported as randomized,#** † † ‡ ‡ 85 evaluated catheters in a nonobstetric patient population, 86, 87 or did not distinguish between intravascular cannulation at the §Herbstman C, Newman L. Evaluation of single versus multiple orifice epidural catheters in laboring women. Anesthesiology 1997;87:A908. time of insertion as opposed to catheter migration during infusion. § § Based on one published RCT, a single-orifice wireembedded polyurethane catheter does decrease the incidence of intravascular cannulation (0%, 0 of 103) compared with a multiorifice polyamide catheter (11.3%, 11 of 97), P Ͻ 0.001. Pooled analysis of the published 82 (Fig. 5 ). The 2 test for heterogeneity was not significant (P ϭ 0.26).
An additional published RCT by Rolbin and Hew 88 demonstrated a trend towards decreased rate of intravascular cannulation with a 19-gauge multiorifice polyurethane catheter with a radio opaque strip but no wire coil, compared with a standard nylon catheter (P ϭ 0.26) ( Table 1 ).
Epidural Catheter Insertion Depth
Three trials addressed the impact of catheter insertion depth on intravascular placement (Table 1) . 11, 89, 90 Two trials compared a series of insertion depths for single-orifice 11 and multiorifice 89 catheters in 884 parturients. Based on pooled results from these two studies, insertion depths of 6 cm or less reduce the intravascular cannulation rate compared with insertion depths of 7 cm or more from 15.2% to 5.4% (OR 0.27, 95% CI 0.10 -0.74) (Fig. 6) . The mean quality score for these 2 trials was 47% (SD ϭ 11%).
The third protocol, by Cartagena and Gaiser 90 tested if catheter insertion to a depth of 10 cm followed by catheter retraction to a final depth of 5 cm increased the risk of epidural vein cannulation when compared with insertion strictly to 5 cm. In this randomized study of 79 laboring women, the authors noted no difference in the rate of intravascular catheter placement (P ϭ 1.0).
DISCUSSION
Of the seven strategies evaluated in this systematic review to avoid epidural vein cannulation during lumbar epidural catheter placement, a reduction in vein cannulation was achieved by positioning the patient in the lateral as opposed to the sitting posture, injecting fluid through the epidural needle before catheter insertion, using a single versus multiorifice catheter, using a wire-embedded polyurethane versus nylon catheter, and limiting the depth of catheter insertion to 6 cm or less. Insufficient evidence is available to support the use of the paramedian versus midline approach or smaller epidural needle or catheter sizes.
These conclusions are limited by two considerations. First, study quality averaged 38% among the 30 published RCTs identified in this systematic review, based on the quality assessment tool. A score of 80% is considered to be reasonably good using this assessment technique. 12 Only 10 of 30 studies reported a truly random method of group allocation, and only 2 ensured that group assignments remained concealed as much as possible. Two studies attempted to blind the observer measuring intravascular cannulation. 57, 79 None reported that investigators refrained from interim analysis. Therefore, the strength of the conclusions based on these trials is limited. § §Cohen S, Lin A, Pantuck CB, Pantuck E, Cioce L. Arrow versus B Braun epidural catheter for epidural block in obstetric patients. Anesthesiology 2004;101:A1199. Second, the definition of intravascular cannulation varied widely among studies. The testing method used will influence the observed rate of intravascular catheter placement. 15 For the purpose of this systematic review, the testing method used for each protocol and the number of intravascular catheters diagnosed are reported. Given the various definitions among studies, it is not possible to determine which intervention is most effective.
The lateral position seems to reduce the rate of epidural vein cannulation 10,20 -24,40 in pregnant women, and the lateral head-down position may reduce the rate further. 20, 21 Epidural venous engorgement related to pregnancy 91,92 may be more significant in the sitting position compared with the lateral position, although this comparison has not been directly observed. Based on magnetic resonance imaging, the degree of anterior epidural venous engorgement is reduced in the lateral, compared with the supine position in the third trimester of pregnancy. 92 Neither needle approach nor needle or catheter gauge have been found to affect the risk of epidural vein cannulation based on published RCTs. 43, 49 One unpublished RCT found a reduced risk of vein cannulation with a steeper angle of needle insertion by the midline approach. 47 Epidural catheters as small as 23-gauge are currently available, but there are no published data about the relative risk of intravascular cannulation for catheters smaller than 20-gauge.
Injection of saline or local anesthetic solution through the epidural needle reduces the risk of intravascular placement of the epidural catheter. Nevertheless, there may be disadvantages to distending the epidural space with fluid. When saline is chosen as the medium for predistension, subsequent anesthetic quality may be altered if a fixed local anesthetic dose is administered. 66, 67 If local anesthetic is chosen as the medium for predistension, inadvertent intrathecal or intravascular injection through the epidural needle could result in a high spinal or systemic toxicity.
Compared with single-orifice open-tip catheters, multiorifice catheters increase the rate of observed intravascular placement. Multiorifice catheters may produce more epidural vein trauma. Alternatively, more holes may increase sensitivity for detecting blood. 77 One prospective RCT presented as an abstract comparing single and multiorifice wire-embedded polyurethane catheters demonstrated no difference in the rate of intravascular cannulation. 81 Based on the published literature and unpublished abstracts presented in North America, a wireembedded polyurethane catheter reduces the rate of recognized intravascular cannulations compared with a standard nylon catheter. 82 Because a single published RCT with limited methodologic quality found a large effect size, 82 post hoc analysis of unpublished abstract data was completed to confirm or refute the effect. The unpublished literature uniformly supports the wire-embedded polyurethane design. The effect size is so large that other techniques for reducing the risk of intravascular cannulation may be irrelevant if a wire-embedded polyurethane catheter is used. This conclusion must be tempered by two points. First, it is not possible to assign quality scores to studies published only as abstracts. Second, in four of five trials, the control catheter was clear with multiple ports, a design that may increase the likelihood of recognizing intravascular catheter placement. Several manufacturers produce wire-embedded polyurethane catheter designs, however, all published and unpublished trials compared the FlexTip Plus™ catheter (Arrow International, Reading, PA) with a control catheter.
Based on two trials that examined epidural catheter insertion depth, 11,89 a final depth Ն7 cm increases the risk of epidural vein cannulation. Initial insertion of excess catheter followed by retraction to the desired depth does not seem to increase the risk of intravascular cannulation, 90 although the sample size was insufficient to exclude Type II error. Initial insertion beyond 6 cm is not recommended for polyurethane catheters to avoid knot formation in the epidural space.
In conclusion, this systematic review supports a reduction in vein cannulation during epidural catheter placement in pregnant women with patient positioning in the lateral position, predistension of the epidural space with fluid before threading the catheter, using a single rather than multiorifice catheter, using the wired embedded polyurethane rather than nylon catheter, and limiting the depth of catheter insertion to 6 cm or less. Insufficient evidence is available to support the use of the paramedian versus midline approach or smaller needle or epidural catheter sizes. Limitations in trial quality markedly weaken these conclusions. Future higher quality studies should test the interaction between patient position, predistension, and alternative catheter designs to avoid epidural vein cannulation during lumbar epidural catheter placement for obstetric patients.
